Bell's palsy (BP) is considered to be idiopathic facial palsy. Some schools of thought believe it to be a part of polyneuropathy, whereas other scientists have other plausible explanations for the condition and all these were reviewed. Methods The literature on BP was retrieved using the Cochrane Database of Systematic Reviews, PubMed, and Google Scholar. Keywords and phrases used during the search included "Bell's palsy," "polyneuropathy," "anatomical factors," and "autoimmunity." Results There are only few studies that have tried to find out the association of BP with peripheral nerve conduction abnormalities. In most studies conducted, positive correlation was found. There are many theories of its etiology, with the reactivation of herpes simplex virus isoform 1 and/or herpes zoster virus (HZV) from the geniculate ganglia being the most stron gly suspected cause. Conclusion In the future, large studies will be required to determine the association between peripheral neuropathy and BP and elucidate the real etiology in every case. There will also be a need to determine whether BP should still be consi dered idiopathic and isolated.
Introduction
Bell's palsy (BP) is universally accepted as isolated, sudden, peripheral facial paralysis of unknown etiology. Whether it should actually be considered isolated and idiopathic needs to be determined. Most BP cases could represent an overt sign of a subclinical polyneuropathy. There are reports that idiopathic facial paralysis is part of a generalized subclinical polyneuropathy or mononeuritis multiplex. [1] [2] [3] Some consider BP to be a part of cranial polyneuropathy. [4] [5] Various etiologies have been implicated for BP, which is otherwise considered as idiopathic. Different causes that have been suggested include viral agents, autoimmunity, as a part of acute subclinical diabetic polyneuropathy and vascular factors, among others. [6] [7] [8] [9] [10] 
Historical Aspects
Bell's palsy is named after the British physician Sir Charles Bell, who described the onset, physical findings and course of the disease in 1821. However, some historical records have shown that Nicolaus A. Friedrich, an 18th-century professor of medicine of Wurzburg, may have been the first to report idiopathic peripheral facial nerve paralysis, 23 years before Bell's report. 11 He gave an account of three middle-aged adults with a similar onset of acute or subacute unilateral facial paralysis, which improved with time, in his De paralysis Musculorum Faciei Rheumatica, first published in 1798 in the German medical literature. 12 
Clinical Features
Although BP is the most common cause of facial palsy (80%), with an incidence of 20 to 30 cases per 100,000 individuals, it is still considered a diagnosis of exclusion. 13 In other words, only after exclusion of all known causes of infranuclear facial palsy is it labeled as BP and has maintained its historical description given by Sir Charles Bell. The facial paralysis in BP typically is abrupt in onset or gradually worsens over 2 to 3 days. The slow progression of paralysis over weeks to months rules out BP and is consistent with a primary facial nerve tumor or a malignant process. The presence of other symptoms, such as facial twitching, hearing loss, vestibular dysfunction, otorrhea, and severe, unrelenting otalgia, disfavors the diagnosis of BP as some underlying attributable pathology can be found in these cases.
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Anatomy of the Facial Nerve (Cranial Nerve VII)
Knowledge of the anatomical course and intricacies of the facial nerve, that is, seventh cranial nerve (CN VII) will help us better understand the pathophysiology of BP. The facial nerve is motor to the muscles of face, the stapedius, stylohyoid, and posterior belly of digastric muscles. The parasympathetic fibers from the facial nerve are carried by the greater superficial petrosal nerve to supply the lacrimal gland, and by the chorda tympani nerve to the submandibular and sublingual salivary glands. Hence involvement of facial nerve makes all these fibers susceptible to paralysis.
The CN VII enters the temporal bone at the internal auditory canal (IAC), then it passes through the fallopian canal, and finally exits through the stylomastoid foramen and gives extratemporal branches (►Fig. 1). The intratemporal course of the facial nerve is divided into four segments, namely meatal, labyrinthine, tympanic, and mastoid. It enters the IAC at its medial end at the porus and emerges at the lateral end (fundus) after merging with its sen sory division, the nervus intermedius. The IAC portion of the nerve (meatal segment) is approximately 8 to 10 mm long. The labyrinthine segment (4 mm in length)-the first segment of the bony fallopian canal-is the narrowest and shortest port ion of the canal. The meatal foramen, the entry point of facial nerve into the labyrinthine segment of its fallopian canal, is the narrowest portion of the entire canal measuring approximately 0.68 mm in diameter.
14 A dense arachnoid band also encircles the nerve at the lateral end of the IAC contributing to the anatomic "bottleneck" that further constricts the nerve when it is edematous, in conditions such as BP.
14 Thus, the meatal foramen and labyrinthine segment of the nerve play a pivotal role in the pathophysiology of facial paralysis, as is discussed later in this review. The fallopian canal provides a bony covering for the facial nerve that is longer than that of any other nerve and acts as a "double-edged sword." On the one hand, it provides protection to the nerve but also makes it vulnerable to palsy, due to entrapment neuropathy. The fallopian canal has congenital gaps, or dehis cences, which again render the facial nerve liable to injury.
Mechanism and Etiology
Though it is considered idiopathic, the search for mechanism of BP has been the subject of research for decades, with the underlying cause still remaining unclear despite several proposed theories. The authors have discussed different proposed mechanisms and etiologies for BP in the following sequence: viral, environmental factors, autoimmunity, as part of polyneuropathy, vascular factors, ischemic (compressive) factors, pregnancy, and anatomic factors.
From the aforementioned text, it is evident that the probable mechanism for BP could be the compression of facial nerve along its narrow segment at the lateral end of the IAC, secondary to any type of inflammatory edema. 12 Initially, inflammation causes only a temporary loss of sensory or motor function, but it may result in permanent nerve degeneration later due to compression in the fallopian canal.
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Viral Etiology
The most accepted theory is that BP is a peripheral neuropathy due to viral infection that causes swelling of the cells of the facial nerve. BP has been thought to result from reactivation of latent herpes virus infection in the geniculate ganglia and its subsequent migration to the facial nerve.
12,15 Majority of the current literature supports the concept of herpes simplex virus (HSV)-mediated inflammation leading to nerve compression and subsequent facial paralysis. 6, 12, 15 HSV reactivation within the geniculate ganglion leading to inflammation and compression of the nerve at the meatal foramen has been the most accepted pathogenetic mechanism of BP.
The evidence obtained from laboratory studies of animals and humans have linked HSV-1 to facial nerve paralysis, one of them being isolation of HSV-1 DNA from the endoneural fluid of the facial nerve by polymerase chain reaction (PCR) during the acute phase of BP, as done by Murakami et al. 16 Others have detected HSV-1 in the saliva of 29% of the BP patients by PCR. 17 When degree of facial palsy was studied, it was observed that negative PCR for HSV-1 cases had a lower grade of facial palsy than positive PCR cases, indicating that virus-positive cases had greater neural involvement. However, this observation was not supported by facial nerve electroneurography findings. 17 Apart from HSV-1, herpes zoster virus (HZV) has also been implicated as the likely causative agent, with this form of infection being more severe, as the virus spreads across the nerve by means of satellite cells. 
Doubts over Viral Etiology
Recently, doubts have been raised over the causal association of HSV/HZV with BP. A recent study explored the presence of viral genomic DNA of HSV-1 and 2, human herpes virus (HHV)-6A/B, as well as varicella zoster virus (VZV) by performing PCR in facial muscle biopsy specimens, Scarpa's ganglion, geniculate ganglion, and tear fluid, from patients with BP and in controls without the disease. 19 HSV-1, HSV-2, or VZV genomic DNA were not detected in Scarpa's ganglion or muscle biopsy results in control as well as BP patients. On analysis of tear fluid samples from control patients and patients with acute BP, HHV-6A could be detected in tear fluid samples of both control (40%) and BP (30%) patients. The viral DNA was detected even in the controls, from their geniculate ganglion preparations, the incidence of HSV-1 and VZV genomic DNA being 86 and 43%, respectively. 19 Hence, instead of mere presence of HSV genomic DNA along the facial nerve in patients with acute BP, the identification of an active replicating virus would be a better investigation and has not yet been performed.
Environmental Factors Acting as Possible Triggers of the Disease
Low humidity, dry indoor air, cold temperatures, ultraviolet radiation, and coinfections of the upper respiratory tract have been implicated as possible triggers of this disease by causing reactivation of latent HSV virus. 20 However, another study has found higher incidence of BP in summer and autumn. 21 This could be related to ultraviolet exposure leading to virus activation. Thus environmental factors are controversial, though most favor cold temperatures as the most important environmental trigger for BP. 22 Another study from Peru observed workplace clustering of cases of BP, but extensive epidemiologic survey and serologic analysis were unable to find out any common identifiable risk factor among all cases. 23 They concluded that there is limited additional benefit in conducting an environmental exposure assessment for identifying a cause in outbreaks of BP and that future investigations should prioritize focus on search for common infectious etiology.
Autoimmunity
Some authors feel that BP may be an autoimmune demyelinating cranial neuritis or a mononeuritic variant of Guillain-Barré syndrome (GBS) with cell-mediated immunity against nerve myelin antigens. In BP and GBS, a viral infection or the reactivation of a latent virus is believed to provoke an autoimmune reaction against peripheral nerve myelin components, leading to the demyelination of the nerves. 5, 7 It has been suggested that they both represent an inflammatory demyelinating neuritis in which BP can be considered a mononeuritic variant of GBS. 7, 12 Aviel and colleagues found a significant decrease in the peripheral blood T-lymphocyte percentage and an increase in B-lymphocyte percentage in BP patients during the acute phase of the disease. 24 However, there was no change in the levels of immunoglobulins (IgG, IgM), complement (C3, C4), or antiviral antibodies to herpes simplex and zoster, Epstein-Barr virus (EBV), cytomegalovirus, adenovirus, influenza, and mumps. The immunologic data of BP showed similar changes in peripheral blood lymphocyte subpopulations as described in the course of several demyelinating diseases, such as in acute exacerbations of multiple sclerosis and during the acute stage of GBS, suggesting that BP may be an autoimmune demyelinating cranial polyneuritis that may be caused by a preceding viral infection.
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As Part of Polyneuropathy
Apart from etiology, the other point of controversy is that it is not always "isolated" and may be a part of more generalized subclinical polyneuropathy of different origin. [1] [2] [3] 7, 8 The viral agents may trigger cranial or generalized polyneuropathy in BP.
2 Therefore, BP could be a part of subclinical viral polyneuropathy. The electromyographic studies obtained from the leg muscles in patients with BP have shown changes similar to those occurring in peripheral nerve lesions, and the changes correlated well with the degree of facial palsy. 8 Abnormal values have also been reported in the maximal motor nerve conduction velocities and motor terminal latencies of the median and peroneal nerves in other study. 3 BP as a part of acute cranial or peripheral polyneuritis could be caused probably by reactivation of the HSV, and the dysfunction of the motor cranial nerves (V, VII, and X) may represent inflammation and demyelinization rather than ischemic compression. 5 The mechanism for postviral subclinical polyneuropathy in BP could be autoimmunity leading to demyelinating polyneuropathy similar to GBS. 7 It could also represent manifest mononeuropathy in acute subclinical diabetic polyneuropathy. 25 It has been found that the part of facial nerve distal to the chorda tympani is susceptible to microangiopathy of diabetes, which causes localized facial nerve ischemia (infarction?) and edema, further aggravated due to the rigid fallopian canal at that area. The facial nerve, in this respect, is similar to the other nerves commonly affected by diabetic mononeuropathy; all traverse an enclosed space that makes them especially vulnerable to the effects of ischemia. Thus subclinical involvement of other cranial and peripheral nerves in BP is not necessarily of an infective etiology, but it can also occur due to diabetes mellitus, even of recent onset. 25 In diabetic patients with BP, focal neuropathies are more frequent, whereas sensory neuropathies with small nerve fiber involvement are less frequent. 26 
Vascular Factors
Diabetes, hypertension, and hypercholesterolemia, all have been associated with microangiopathy leading to microcirculatory failure of the vasa nervosum and are potential causative and poor prognostic factors in BP. There are different studies, some supporting the association whereas others refuting it. In some, no significant correlation was found between the severity of palsy and comorbid disease, including hypertension, diabetes, and hyperlipidemia.
The finding of significantly lower taste impairment in diabetics than in nondiabetics with BP supports the hypothesis of a vascular rather than a metabolic etiology. 10 This supports the theory that vessels supplying the distal portion of the facial nerve are probably more affected in the diabetic patients as taste sensation is preserved in most. 25 In diabetic patients, there is chronic nerve ischemia due to reduction in endoneurial oxygen, compromised nerve blood flow, and epineurial arteriovenous shunting. Preexisting nerve ischemia and injury, as well as abnormalities of endoneurial and epineurial vessels, could be a reason for higher grade of facial palsy in diabetic patients presenting with BP. 27 In a study by Riga et al, hemoglobin A1c (HbA1C) values were found to be significantly correlated with the severity of BP, whereas hypertension and hypercholesterolemia were not found to be correlated with the severity of BP. 27 Efficient glycemic control is important for the prevention as well as the treatment of peripheral neuropathies in diabetic patients. Therefore, BP of viral etiology presenting in a diabetic patient will tend to have a worse grade on presentation and could have a more proximal origin.
Thus, impairment of taste sensation in a diabetic could point toward viral etiology favoring antiviral treatment, whereas preservation of taste is indicative of diabetic mononeuropathy.
The patients with abnormal HbA1C values seem to completely recover at the same frequency as patients with normal HbA1C values.
Ischemic (Compressive) Factors
One of the theories for BP is "compressive theory." 28 The best possible explanation for most of the cases labeled as BP appears to be "entrapment neuropathy" that results from inflammation, edema, and strangulation of the facial nerve within the osseous fallopian canal, the most common site being the meatal foramen. 29 The observation that the onset and development of facial palsy occur during sleep and is noticed mostly in the morning points toward the ischemia as the cause due to reduction in circulatory dynamics at night. 30 This could be a secondary ischemia due to postinflammatory edema of the nerve.
The site of nerve edema has been studied by various authors. 29, 31 In cases of HSV reactivation, inflammation occurs in the geniculate ganglion of the facial nerve and progresses distally or proximally. 31 The meatal foramen, being the narrowest portion of the facial canal, subjects the nerve to maximal pressure, even if the degree of inflammation change is the same. 29 In a study comparing operative findings with magnetic resonance imaging (MRI) in patients with BP, in all the patients studied, the edema proceeded from the geniculate ganglion toward the peripheral area as time progressed. 31 Intraoperatively, the edema of the labyrinthine segment was mainly observed in the acute phase; the tympanic segment edema was seen in the subacute phase, 3 to 9 weeks after symptom onset. 31 However, as time progressed, the edema remained only in the labyrinthine and geniculate ganglion and after the ninth week, no swelling of the nerve was observed in about one-third of the patients. 31 In another study, the edema of labyrinthine segment of the facial nerve was seen in all patients with enhancement of the labyrinthine segment on MRI, whereas less correlation was found between the MRI findings and actual nerve edema (only 43%) in tympanic segment. 29 The explanation given for this is that the presence of greater amount of normal arteriovenous plexus in the tympanic segment than the labyrinthine or geniculate ganglion, so that even without the presence of nerve edema, enhancement can be observed.
Among all cranial nerves, facial nerve is the only nerve that travels in a bony canal. Nerve dysfunction may result more easily as the facial nerve swells within the confines of the noncompliant bony facial canal. Endoneural pressure then increases, and neural vasculature is compressed, leading to ischemia, impairment of axonoplasmic flow, and axonal degeneration. 32 This conclusion is confirmed on findings in perioperative and MRI studies, as well as the significantly better outcome after corticosteroid administration.
12,29,31
Pregnancy
The physiologic changes that occur in late pregnancy or the immediate puerperium have been thought to predispose to BP. 33 However, some feel that altered susceptibility to HSV reactivation during pregnancy is the most likely explanation for concentration of cases in the third trimester.
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Anatomical Factors
Viral infection is relatively common, but BP is not so common. Hence, there has been a constant search for various anatomic factors in bony facial canal that may predispose to the development of paralysis.
Vianna et al found no significant difference in the diameter of the facial nerve or canal between the affected and unaffected sides in patients with unilateral BP, suggesting that there is no anatomical predisposition favoring the development of compressive edema on one side versus the other. 32 They observed that the mean diameter of the bony facial canal in the tympanic and mastoid segments on both sides (BP side and contralateral side) of the BP group was significantly smaller than the control group, and there was no significant difference between them in the labyrinthine segment. The limitation of the study was use of postmortem specimens.
This was in contrast to another study by Kefalidis et al, in which the bony measurements at both sites were significantly smaller in the affected side. 35 They suggested that an asymmetry between the right and left fallopian canal might be a necessary pathogenetic mechanism for the development of a facial nerve edema into BP in the narrower fallopian canal. By high-resolution computed tomography (CT) with multiplanar reconstruction technique, Murai et al also found that both in the labyrinthine and horizontal segments, the mean cross-sectional area of the facial nerve canal was significantly smaller on the affected side of patients with BP than on the unaffected side. 36 No significant difference was found between the affected and unaffected sides in the cross-sectional area of the facial nerve canal in the mastoid segment. The labyrinthine segment, being the narrowest segment in the facial nerve canal, makes the facial nerve vulnerable, especially in the labyrinthine segment of the facial nerve canal, and a narrow facial nerve canal may be one of the risk factors for BP.
In another study, the authors wanted to find why majority of the paresis are suprastapedial, that is, why the entrapment of the nerve mainly occurs in the proximal part of the canal. For this, anatomical measurements of the facial canal diameter and cross-sectional area made in 12 temporal bones by use of a computer program proved that the width of the canal is smaller at its proximal part. 37 The nerve is thicker as it contains more nerve fibers, causing discrepancy between the nerve diameter and the surrounding bony walls in the suprastapedial part of the of the canal, which, in cases of a swollen nerve after inflammation, results in facial palsy. 37 CT of the temporal bone should be undertaken in every case of BP as it enables not only measurement of exact length and thickness of individual segments of the facial nerve canal but also to view variable anatomic variations in the intratemporal facial canal. Anatomical variations, such as dehiscent facial canal, may predispose the nerve to inflammatory processes or neural compression injury.
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Treatment
From the above review, it is evident that postinflammatory edema of the nerve that runs in a narrow bony canal is the best explanation for BP, and hence corticosteroids are now universally recognized to be beneficial in improving the outcome of BP. However, it is yet to be resolved whether or not a combination of antiviral agents and corticosteroids result in a better rate of complete facial recovery compared with corticosteroids alone. Some clinical trials have shown the efficacy of antiviral agents combined with corticosteroids in increasing the rate of complete recovery in BP, whereas others have found no added benefit of antivirals to corticosteroids alone in producing complete facial recovery. 12 Because of the possible viral or autoimmune pathogenesis of BP, a combination therapy of antivirals and oral corticosteroids should be considered, if patients present early. 41, 42 This has been supported by placebo-controlled trials that demonstrated full recovery in a higher percentage of patients treated with an antiviral drug in combination with prednisolone than with prednisolone alone. 43, 44 The authors observed, from their unpublished data, that when systemic features point toward viral illness and associated with a severe degree of facial palsy, antivirals should be added to hasten the recovery. Considering its course in the bony canal, the authors propose injectable steroids, such as methylprednisolone, in doses similar to those for treatment of acute spinal cord injury, 20 mg or more of methylprednisolone/kg of body weight in a bolus dose over a 15-minute period. 45 Immediate excellent recovery has been observed in these patients from grades 5 to 1. Antivirals should be added as high-dose steroids could flare up the viral infection. More studies are needed to confirm this.
Conclusion
This review article has attempted to emphasize the fact that "Bell's palsy" as an entity does not have any significance in today's era. Lack of sufficient investigations makes us label it idiopathic and isolated, as many times we do not investigate for the presence of polyneuropathy. Facial nerve is the only nerve in the bony canal and hence manifests itself, whereas others might go unnoticed. Moreover, underlying anatomic factors may also be contributory, which need sophisticated imaging. The key points can be summarized as follows:
• BP in most cases is not idiopathic or isolated; rather, it may be a part of viral, diabetic, or demyelinating neuropathy, being manifest due to the typical anatomical course and the variations in temporal bone anatomy.
• Instead of proposing various theories for BP, the authors should enlist different etiologies for it.
• In every case, if exact cause is identified, treatment may be better.
• Search for subclinical peripheral neuropathy should be done in every case, and it may help identify the viral or diabetic etiology and treatment decision for antiviral treatment.
• Radiological assessment in the form of high-resolution CT/MRI of the temporal bone should form part of assessment protocol in every case.
Areas of Further Research
• The search for identification of an active replicating virus in BP rather than isolation by PCR would be a better investigation.
• The precise peripheral nerve antigens, against which cell-mediated immunity acts, have not been identified as yet.
• Monoclonal antibodies and/or T-cell immunotherapy might provide more specific form of treatment in the management of BP.
• Research on imaging protocols for identifying facial nerve edema and anatomical variations.
